Abstract Herein we test the following hypotheses:
Introduction
The significantly increased incidence of oropharyngeal cancers over the last three decades, especially in young women, is known to be caused by high-risk Human Papillomavirus (HR-HPV)-mediated carcinogenesis. The SEER 9 data also demonstrates a trend of increased incidence of mucoepidermoid carcinoma (MEC) in women, ages 15-34 years [1] . This raises the interesting question as to whether HR-HPV can also be involved in MEC carcinogenesis. The issue of HPV-mediated promotion of salivary tumors has been addressed only in a limited manner. Vageli demonstrated HPV16/18 genome in seven of nine parotid tumors, including an oncocytoma, acinic cell carcinoma, Warthin's tumor, and a pleomorphic adenoma. Detection of viral DNA supports the idea that HPV is ''associated'' with a specific cancer. However, it does not distinguish whether HPV is transcriptionally active and a potential carcinogenic promoter (e.g. ''driver'' infection) versus transcriptionally inactive (referred to as ''passenger'' or ''bystander'' infection). Relatively high viral copy number was demonstrated in some tumors by quantitative real-time PCR, which suggests an etiologic association [2] . Our approach in this study was to first rigorously assess for HPV16/18 transcripts, as (1) these are the most commonly detected HPV types in oropharyngeal carcinoma, and (2) detection of transcripts supports the idea of a ''driver infection'' promoting carcinogenesis, and (3) this approach is potentially more sensitive than initially screening samples using PCR and the consensus GP5?/GP6? general primers. The GP5?/GP6? primers detect sequences in the L1 region which may be lost upon HPV integration; if HPV is both integrated and episomal forms, one would expect positive results. However if HPV is entirely integrated, PCR using the GP5?/GP6? primers may result in a false negative reaction [3] .
Here we test the following hypotheses: (1) HR-HPV may be implicated in the etiology of MEC, and (2) The detection rate of HR-HPV in MEC has been increasing over time.
Materials and Methods
This study was approved by the Institutional Review Boards at Montefiore Medical Center (MMC), University of Alabama at Birmingham (UAB), and University of the Pacific (UOP).
Sample Procurement
All tumor blocks were recut and the hematoxylin and eosin (H ? E) slides were examined. The diagnoses of MEC were confirmed in all tumors studied for HPV; we have previously detailed inclusion criteria and discussed the most common sources for misdiagnoses of MEC [4] . All resection specimens were graded according to the modified grading criteria [4, 5] . The UOP cohort consisted of biopsy specimens, therefore tumor grading for this group was assigned as originally reported. The procurement of tumor specimens was morphologically guided using the H ? E slides from corresponding formalin-fixed paraffin embedded (FFPE) blocks as a map. Specimens were procured from the blocks using either sterile punch biopsy needles or sterile razors. Sterile technique was used to prevent contamination between specimens and great care was taken to avoid contaminating samples with adjacent squamous mucosa when present.
Assessment of HPV16/18 Transcriptional Activity: RNA Extraction
All surfaces and equipment were cleaned with RNaseZap (Ambion, Life Technologies, Austin, TX, USA). Procured samples were deparaffinized in 1 ml xylene for 5 min in room temperature. Samples were centrifuged, maximum speed, for 2 min, twice, forming pellets; xylene was removed and samples were rehydrated with graded ethanol (100 %, then 70 %) and centrifuged at 12,000 rpm. The pellets were rinsed in diethyl pyrocarbonate (DEPC) (Sigma, St. Louis, MO, USA) treated water (0.1 %, v/v) and digested in 250 lL of lysis buffer containing 0.1 M EDTA, 0.2 M Tris-HCl at pH 8.5, and Proteinase K (Sigma, St. Louis, MO, USA) stock 20 lg/ml, final concentration of 400 lg/ml and sodium dodecyl sulfate at 1 % final concentration. The lysis buffer was incubated at 37°C for 30 min prior to addition. Samples were incubated at 55°C overnight to maximize digestion. RNA extraction was performed by incubating the samples in TRIzol reagent at room temperature for 5 min, adding 200 ll of chloroform to the mixture, shaking vigorously for 15 s, then incubating at room temperature for 3 min, and centrifuging at 12,000 rpm at 4°C for 15 min. The upper aqueous RNA phase was removed and transferred to a new tube. Ten microliters of 1 mg/mL glycogen (Roche Applied Science) and 1 ml of isopropanol were added and stored overnight at -20°C. This overnight step promotes efficient precipitation of the fragmented RNA. The RNA was further purified by centrifuging and washing the pellets with 1 mL 70 % ethanol (4°C), at 12,000 rpm for 30 min at 4°C. The supernatant was removed and the 70 % ethanol washing step was repeated. The supernatant was again removed, and the RNA pellet was dried for 15 min at room temperature and resuspended in 30 lL RNase free water. Any remaining residual genomic DNA was digested by DNase using the Turbo DNA-Free kit (Ambion) for 15 min at 37°C, for a final volume of 50 lL. The extracted total RNA was stored at -80°C. Total RNA concentrations were measured by NanoDrop Epoch Spectrophotometer System (BioTech US). Specimen preparation was performed in a room separate from the nucleotide extraction area, with regular decontamination (DNA AWAY and RNaseAWAY Surface Decontaminants, Molecular BioProducts) of all surfaces and pipettes.
Reverse Transcription, First Amplification, and Nested Real-time Amplification Table 1 details the primers used; each HPV assessment included eight different primer pairs. For initial assay development, primer specificity was confirmed with RNA isolated from samples of HeLa (HPV18) and SiHa (HPV16) that were embedded in paraffin blocks, and five formalinfixed paraffin-embedded (FFPE) samples of oropharyngeal carcinomas which were determined to be HPV16? by HPV Genotyping PCR performed in an independent commercial laboratory, and two FFPE samples of pancreatic carcinoma (HPV negative).
The Bio-Rad iScript cDNA synthesis kit was used for reverse transcription of total RNA into cDNA. Samples were first screened for GAPDH expression. All samples which were GAPDH negative after first PCR were submitted to a second round of PCR. Only GAPDH positive samples were studied for HPV. Cross contamination was prevented by using separate sterile tips for each sample; for nested PCR, RT-PCR amplicon tubes were spun before the tubes were opened, and separate Eppendorf tube openers were used for transferring RT-PCR products to the nested PCR mix.
The first amplifications for HPV16E6, HPV16E7, HPV18E6 and HPV18E7 were performed using 30 cycles of polymerase chain reaction (PCR); the 50 ll samples contained at least 50 ng of cDNA, 0.3 lM final concentration of each of the first primer set (around 250 bp) and 1.25 U of Terra PCR Direct Polymerase Mix (Clontech, USA). The following thermocycler conditions were used: denaturation at 94°C for 2 min, 40 cycles of denaturation at 94°C for 30 s, annealing at 57°C for 60 s, extension at 72°C for 2 min, and final extension at 72°C for 10 min. The initial denaturation step in ''hot start'' RT-PCR occasionally results in sample drop-out due to evaporation; therefore all reactions were run in triplicate. Samples were deemed positive if two of three reaction wells were positive. Every reaction included the following controls: HeLa (HPV18), SiHa (HPV16), FFPE HPV16? oropharyngeal carcinoma, FFPE pancreatic carcinoma (HPV negative), and a blank sample without template. The second amplifications used real-time PCR (RT-PCR), the Maxima SYBR Green/Fluorescein qPCR master Mix (Fermentas) and the Opticon2 detection system (Bio-Rad). This reaction contained 1/50 volumes of the first direct PCR reaction, 0.3 lM of the second set of nested primers and the Maxima SYBR Green/Fluorescein qPCR Master Mix. These assays were performed in triplicate under the following conditions: 10 min pre-incubation at 95°C, 40 cycles of denaturation at 95°C for 15 s, annealing at 58.6°C for 30 s, and extension at 72°C for 30 s and final extension at 72°C for 5 min. The same positive and negative controls were used as described above. Amplicons were verified by delta cycle threshold (delta CT).
We avoided false positive results by (1) adhering to sterile technique, (2) requiring the detection of both typeconcordant transcripts (E6 and E7) in order to designate specimens as positive, and (3) performing melting curve analysis on the amplicons from the final reaction. All negative control reactions were appropriate, including HeLa (HPV18) as a negative control for HPV16 RT-PCR and SiHa (HPV16) as a negative control for HPV18 RT-PCR.
Immunofluorescence for HPV16/18 E6 Paraffin-embedded tumor tissues were serially sectioned at 5 lm, deparaffinized and rehydrated through graded ethanol. Antigen retrieval was achieved by citrate-based antigen unmasking solution (Vector Labs. Inc. CA, USA) incubation in a 90°C water bath for 10 min. Slides were blocked with 5 % normal goat serum and 5 % BSA in PBS for 1 h at room temperature, and then incubated overnight at 4°C with mouse monoclonal HPV16/18 E6 (C1P5) primary antibody (Santa Cruz Inc., CA, USA) in blocking buffer, at a dilution of 1:50. After extensive washing, sections were incubated with goat anti-mouse secondary antibody conjugated to Alexa 488 (Invitrogen, CA, USA) for 45 min, at 1:500 dilution. Diamidino-2-phenylindole hydrochloride (DAPI) staining was performed to localize nuclei. Positive controls were FFPE section of HeLa and SiHa cells. Negative control tissues were treated in the same way, but incubated only with secondary Alexa 488-labeled antibody. Slides were washed and mounted in Vectashield medium for fluorescence (Vector Labs. Inc., CA, USA). Slides were examined using an immunofluorescence microscope, blinded to HPV status. Tumors were classified as either positive or negative based on a detection cut-off of strong nuclear and/or cytoplasmic staining in tumor cells.
Validation of HPV? Samples by PCR
For purposes of validation, ten MEC were selected (3 HPV16?/18?, 3 HPV18?, 1 HPV16?, 3 HPV-negative) for auto-nested PCR using the general consensus primers GP5?/6? to amplify a conserved region in the HPV L1 gene [6] [7] [8] . Samples were procured as described above, deparaffinized in xylene, rehydrated with graded ethanol, and air-dried. Pellets were resuspended in 300 ll of digestion buffer (10 mM Tris-HCl pH 8.3, 1 mM EDTA, 0.5 % Tween 20, 20 mg/ml proteinase K) and incubated at 56°C while rocking for 16 h, until the tissue was completely digested. Proteinase K was inactivated by incubation for 20 min at 95°C. DNA was extracted using phenol/ chloroform/isoamyl alcohol (25:24:1; v/v) which was added to each tube at a volume equal to that of the digestion mixture (300 ll). The tubes were vortexed for 10-15 s and centrifuged at 14,000 rpm for 5 min and the supernatant was transferred to new tubes and mixed with 1/10 volume of 3 M sodium acetate and 2.5 volume of 99 % ice-cold ethanol, incubated at -20°C for 60 min, then centrifuged at 14,000 rpm for 5 min. Pellets were washed with 1 ml of 70 % ethanol, centrifuged for 5 min at 14,000 rpm, after which the ethanol was removed and the specimen air-dried. Dry pellets were resuspended in the DNase/RNase free water. The final PCR mixture contained 0.02 U/ll of iProof HF DNA Polymerase, 200 lmol dNTP, 0.5 lM of each primer, 0.4 mM Mg 2? , 19 high-fidelity PC buffer and 200 ng of DNA template. The following thermocycler conditions were used for 40 cycles: initial denaturation at 94°C for 4 min, subsequent denaturation at 94°C for 60 s, annealing at 42°C for 60 s, and extension at 72°C for 30 s with final extension at 72°C for 4 min. 10 ll of the reaction mixture were electrophoresed through 2 % agarose gel containing 0.5 lg/ml ethidium bromide and visualized under an ultraviolet transilluminator.
DNA samples negative after 40 cycles were re-amplified by auto-nested PCR using the same GP5?/6? primer pair and 2.5 ll template. The same thermocycler conditions as above will be used for 30 cycles. 10 ll of the reaction mixture were again electrophoresed through 2 % agarose gel containing 0.5 lg/ml ethidium bromide and visualized under an ultraviolet transilluminator. All PCR reactions included DNA from appropriate positive controls (HeLa, SiHa, and FFPE HPV16? oropharyngeal SCC), negative controls (FFPE pancreatic carcinoma) and a template-free negative control.
Validation of HPV? Samples by Sequencing
For purposes of validation, eight random HPV16? MEC and two HPV16/18 ? MEC were selected for sequencing of PCR amplicons. The PCR products from Siha and Hela cells were used as HPV type-specific, region-specific controls. PCR products were excised from 2 % Tris-acetate-EDTA (TAE) agarose gels and purified with a gel extraction kit (QIAGEN) according to the manufacturer's instructions. Purified PCR products were sequenced using 5 pmol of either forward or reverse type specific E6 and E7 primers on an ABI 3730 sequencer analyzer (Applied Biosystems, Foster City, CA, USA). DNA sequences were analyzed by using the BLASTN algorithm (National Center for Biotechnology Information). [9, 10] .
Immunohistochemistry for p16
Epitope retrieval was performed with 0.02 M concentration of citrate buffer (pH 6.0) heated at 97°C for 20 min. Immunostaining was performed with a semi-automated immunostainer (Thermo Scientific, Labvision 720-Fremont, CA, USA) and the UltraVision LP polymer system. The E6H4 clone of p16 antibody was used (MTM laboratories, Westborough, MA, USA) at 1:2 dilution. Diaminobenzidine tetrachloride (DAB) chromagen was used to visualize the antibody-antigen complex; slides were counterstained with hematoxylin. Positive controls consisted of a HPV16? tonsillar carcinoma with strong diffuse nuclear and cytoplasmic p16 expression. The negative control slides consisted of tissue sections processed without primary antibody. P16 expression was categorized for both staining intensity (scale 0-4) and percent staining distribution, for both the nuclei and cytoplasm of both squamoid and mucinous tumor elements. The slides were examined blinded to HPV status.
Immunohistochemistry for p53
Heat induced epitope retrieval was performed using 0.02 M citrate buffer (pH 6.0) at 120°C for 2 min. Immunostaining was accomplished with a semi-automated immunostainer (Ventana Inc. Tucson, AZ, USA) and a biotin-free, multimer-based technology detection system. Prediluted antip53 antibodies (clone: Bp53-11, Ventana) was used, which detects both mutant and wild type p53 nuclear phosphoprotein. Diaminobenzidine tetrachloride was used to visualize the antibody-antigen complex; slides were counterstained with hematoxylin. Colonic adenocarcinoma was used as the positive control; the negative control slides consisted of tissue sections of each case processed without the addition of primary antibody. Strong nuclear staining was considered as positive/aberrant p53 expression. . The band size of the final amplicon was 117 bp, which was detected by 2 % agarose gel electrophoresis and visualized with ethidium bromide staining under UV light. The presence of intact RNA was verified for each sample by the simultaneous amplification for GAPDH expression. The positive control consisted of RNA extracted from a transcript positive MEC specimen which was confirmed by sequencing (see below). The negative control was comprised of RNA extracted from an oral cavity squamous cell carcinoma.
RT-PCR

Sequencing of CRTC1/MAML2 Transcripts
For purposes of validation, the RT-PCR amplicons were purified from gels using QIAquick Gel Extraction Kit (Qiagen) and sequenced using ABI Big DyeTM v3.1 dye terminator cycle sequencing (UAB, Heflin Center for Genomic Sciences).
Statistical Analysis
Associations between HPV status (stratified as HPV16?, HPV18?, and either HPV16 and/or HPV18), p16 expression, Head We then asked if there were any histological features associated with HPV-positive MEC. The tumors were rereviewed blinded to HPV status, and classified with respect to basaloid tumor cell component. Three MEC were classified as predominantly basaloid; all three were HPV positive. Ten MEC were classified as mixed basaloid and nonbasaloid type; four of these tumors were HPV positive. While this finding is interesting, it was not predictive of HPV status as the remaining 22 HPV positive MEC were classified as ''nonbasaloid''.
Assessment of E6 Viral Oncoprotein
Eighty-four MEC were studied by IF with the monoclonal C1P5 antibody which detects E6 protein of both HPV16/ 18. Eighteen tumors displayed nuclear and or cytoplasmic tumor staining; the protein was detected in both mucinous and squamoid elements (Figs. 3, 4 ). All cases positive by IF were HPV16/18 positive by RT-PCR. Fourteen additional tumors were negative by IF and positive by RT-PCR (sensitivity 55 %, specificity 100 %).
Validation of HPV? Samples by PCR
Six MEC that were positive by RT-PCR (three HPV16?/18?, two HPV18?, one HPV16?) were also positive by PCR with GP5?/6? consensus primers; three MEC that were HPVnegative by RT-PCR were also negative by PCR. One MEC (HPV18? by RT-PCR) was negative by PCR due to DNA degradation. This was resolved by amplicon sequencing from the corresponding RT-PCR, which confirmed HPV18-E6 and E7-region specific sequences (Table 3) .
Validation of HPV? Samples by Sequencing
DNA sequencing of RT-PCR amplicons from the eight HPV16 ? MEC and two HPV16/18? MEC samples confirmed that the amplified product corresponded to the expected HPV-type-specific and region-specific sequences (Table 3) . 
Aberrant P53 Expression
As HPV-mediated carcinogenesis in the oropharynx is usually associated with wild-type, non-mutated p53 tumor suppressor gene, we selected 29 MEC (22 HPV? and 7 HPV-negative) for further evaluation for p53 expression. Aberrant p53 expression (defined as strong nuclear expression) was present in only 2/22 HPV ? MEC (9 %, both Grade 3); no HPV-negative MEC demonstrated aberrant p53 expression. There was no association between the presence of HPV and aberrant p53 expression. There was a trend regarding association between aberrant p53 expression and Grade 3 MEC (p = 0.069).
MECT1-MAML2 Translocation
A subset of 37 samples were studied for MECT1-MAML2 fusion transcripts, which were detected in 23/37 (62 %) MEC. Amplicon sequencing in all 23 RT-PCR positive cases confirmed the presence of the t(11,19) MECT1-MAML2 fusion gene (Fig. 6) . No significant association was found between MECT1-MAML2 fusion transcripts and HPV status, gender, tumor grade, tumor site, or era of diagnosis (2000 and earlier vs. [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] .
Discussion
The data demonstrate that transcriptionally active HR-HPV infection is common to MEC. We detected HPV16 E6/E7 controls. The negative control tissues were incubated with secondary Alexa 488-labeled antibody only transcripts in 30 % of MEC, HPV18 E6/E7 transcripts in 13 % of MEC, and 7 % of MEC contained transcripts for both HPV16/18. We were able to demonstrate a significantly increased HPV18 detection rate over the last decade, as compared to MEC diagnosed from 1977 to 2000. One might question if RNA degradation in the older specimens could be responsible for this finding. This is unlikely as the detection rates of HPV16 E6/E7 transcripts did not vary significantly over time, supporting that the increased detection of HPV18 in the last decade is a true phenomenon. One limitation of this study is that the E6 primers used did not detect the E6* splice variant which may have underestimated the rate of productive HPV16 infection.
The lack of association between HPV and MEC tumor site was somewhat surprising. Only four MEC arose from sites usually associated with HPV-mediated carcinogenesis (tonsil and tongue base); two of them were HPV positive. Twelve MEC from this cohort arose in the retromolar trigone (RMT, 12 %), which is greater than the reported distribution of 791 MEC from the Armed Forces Institute of Pathology (40/791 or 5 % RMT MEC) [12] . Six RMT MEC were HPV?. However no association between HPV and tumor site was demonstrated, despite different stratifications (major versus minor salivary sites, oropharynx versus nonoropharynx, oropharynx including RMT versus others, and dependent intraoral sites versus nondependent sites). The fact that HPV was detected in parotid and submandibular gland tumors is interesting and suggests a mechanism of systemic HPV exposure. We demonstrate that HPV localization is not limited to MEC squamoid components; HPV is also localized in the mucinous/glandular tumor elements (Figs. 4 and 5) . This is not surprising as HR-HPV also promotes uterine cervical adenocarcinomas [13] including rare uterine cervical MEC [14] . As previously mentioned, Vageli published a study in 2007 demonstrating HPV16/18 genome in seven of nine parotid tumors, including oncocytoma, acinic cell carcinoma, Warthin's tumor, and pleomorphic adenoma [2] . A small number of recent publications have subsequently investigated HPV status in salivary tumors. Boland and colleagues found two of 27 (7 %) adenoid cystic carcinomas HR-HPV? using the Ventana high-risk HPV family 16 in-situ hybridization probe [15] . Brunner and colleagues found two of six (33 %) MEC HR-HPV? using the Dako Genepoint in-situ hybridization probe; 32 other salivary carcinomas were investigated and found to be HPV-negative [16] . Hafed and colleagues used the Digene HPV16/18 probe to investigate 34 salivary tumors, however their illustrations are concerning for nonspecific staining [17] . In this study, we used the Ventana probe to investigate the physical status of HPV; we demonstrate that HPV is more commonly episomal in than integrated in HPV ? MEC (Fig. 5) . Previously, we have reported that this probe has a sensitivity of 59 % (95 % CI: 39-78) and specificity of 58 % (95 % CI: 45-71) in the context of 110 head and neck squamous carcinomas (all sites) with an overall HR-HPV detection rate of 28 % by PCR [18] . Therefore, ISH is not the optimal for either primary investigation or validation of HPV status.
It is well accepted that transcriptionally active HR-HPV infection (''driver infection'') is etiologically responsible for a subset of oropharyngeal squamous carcinomas. What is the significance of this finding in MEC? The data suggest that HR-HPV may be involved in promoting MEC, however the data do not prove causation. The usual accepted criteria to support HPV-mediated carcinogenesis are: (1) The demonstration of transcriptionally active, and therefore biologically relevant, high-risk HPV infection, (2) The overexpression of p16 as a functional surrogate biomarker for functional abrogation of Rb tumor suppressor protein by E7, (3) Evidence of viral integration, and lastly (4) Wild type 53 protein. However, these criteria have important caveats. The p16 gene may be methylated and thus silenced in HPV-mediated cancers. HPV integration is not necessary for promoting carcinogenesis. Lastly, while the HR-HPV?/wild-type p53 profile is the expected genetic phenotype of never-smokers with HPV-mediated oropharyngeal cancers, this polarized relationship is not observed in patients with oral cavity cancer [19] . Furthermore, nondistruptive p53 mutations can be demonstrated in HPVmediated head and neck cancers and are thought to have an additive impact on overall p53 functional loss [20] . With these caveats in mind, we queried as to whether p16 INK4a overexpression correlated with HR-HPV transcriptional activity, as with the tonsillar cancer paradigm which typically demonstrate HR-HPV transcripts and p16
INK4a overexpression. We found no significant association between HPV transcription and p16 overexpression. There are a number of possible explanations. Guo and colleagues studied MEC and demonstrated that p16
INK4a promoter hypermethylation, homozygous deletions and point mutations in exons 1 and 2 are common [21] . We also queried as to whether there is an association between wild-type (unmutated) p53 and HPV status in a subgroup of MEC. Strong aberrant nuclear p53 expression was present in only 2/22 HPV ? MEC (9 %, both Grade 3); no HPV-negative MEC demonstrated aberrant p53 expression. There was a trend regarding association between [23] . Other studies on p53 status involve smaller numbers of specific salivary tumor types and are more anecdotal in nature [24, 25] . In the context of head and neck squamous cell carcinomas (HNSCC), as p53 mutations are common and a significant association between active HPV infection and wild-type (WT) p53 is observed, then HR-HPV is likely to promote carcinogenesis in HR-HPV ?/WTp53 cancers via the E6 oncoprotein targeting of WTp53 for degradation through E6AP; this abrogates the functional pro-apoptotic pathway [26] [27] [28] . On the other hand, the published data support that an intact proapoptotic pathway is common to MEC. Thus functional p53 loss is not requisite for the promotion of MEC. In other words, the association of transcriptionally active HR-HPV with WTp53 in MEC does not have carry the same significance as it does with oropharyngeal carcinoma, as WTp53 is a common finding in MEC. But it is possible that functional abrogation of the p53 pathway may still have an additive impact on HR-HPV?/WTp53 MEC. MEC is frequently associated with the reciprocal chromosome translocation t(11;19) (q14-21;p12-13) [11, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . The translocation breakpoint involves the MECT1 gene (also known as CRTC1, TORC1, or WAMOTP1) at chromosome 19p13, and the MAML2 gene at chromosome 11q21. MECT1 (mucoepidermoid translocated-1) expression is normally limited to fetal brain and liver, adult heart, skeletal muscle and liver, and normal salivary tissue [30] . The MECT1 protein activates CREB (cAMP response element binding protein) mediated transcription, which is involved in cell proliferation and differentiation in response to cytokines and growth factors [36] . The MAML (mastermind-like) protein is widely expressed in all tissues and is involved in the Notch signaling pathway. This pathway plays a complex, context-dependent role in cellular proliferation and differentiation. The MECT1-MAML2 translocation results in a novel fusion protein which enhances loss of contact inhibition in immortalized epithelial cells [29, 37] . Early experiments demonstrated that the MECT1-MAML2 fusion protein activated downstream Notch target proteins such as HES1, in a Notch ligand-independent manner [30] . However, expression array analyses have demonstrated that upregulated MECT1-MAML2 activates cAMP/CREB regulated genes, such as PEPCK1/PCK1, AREG, and NR4A3/NOR, but not Notch target genes such as the Hes family members [36, 37] .
We demonstrated MECT1-MAML2 fusion transcripts in a subgroup of 23/37 (62 %) MEC. We found no association between MECT1-MAML2, HPV status or MEC grade. Larger studies on clinical samples have demonstrated the MECT1-MAML2 translocation in 34-81 % of MEC [11, [32] [33] [34] [35] . By contrast, the MECT3-MAML2 translocation is present in a much smaller proportion (6 %) [37] . The MECT1-MAML2 translocation appears to be highly specific for MEC. While this translocation has been occasionally detected in Warthin's tumors, [32, 33] other studies which included HNSCC, other salivary malignancies, and a large number of Warthin's tumors [33, 37] , have all been negative for the MECT1-MAML2 translocation.
Although we did not find an association between the translocation and HPV, it is still reasonable to question if an interaction between HPV-mediated carcinogenesis and the MECT1-MAML2 translocation is possible. As both CREB and MAML2 are widely expressed in all tissues, it has been suggested that the MECT1-MAML2 translocation is an early event in tumor initiation. We speculate a potential interaction between the MECT1-MAML2 translocation and HR-HPV-mediated transformation through the transcriptional co-activator p300, a CREB pathway regulatory molecule. The MECT1-MAML2 fusion protein has been demonstrated to upregulate p300 transcription [37] . Overexpression of p300 activates the HPV long control region (LCR) which in turn regulates E6/E7 transcription [39, 40] . Therefore, we speculate that the MECT1-MAML2 translocation may promote sustained E6/E7 overexpression through the effect of p300 on LCR.
Perhaps one of the most important developments in head and neck oncology of the past decade was the demonstration that patients with HPV-mediated oropharyngeal cancers enjoy significantly improved outcomes as compared to patients with HPV-negative counterpart cancers. This has become the basis for clinical trials investigating the impact on ''treatment de-intensification'' for patients with HPVmediated oropharyngeal cancers. The significance of HPV in non-oropharyngeal HNSCC, such as the oral and laryngeal carcinomas, remains uncertain and is currently under investigation [41] . Could there be any prognostic significance to the presence of HR-HPV transcripts in salivary neoplasia? We doubt that HR-HPV is a significant prognosticator for MEC patients, given the greater inherent biological heterogeneity of MEC as compared to HNSCC.
In conclusion, we demonstrate the presence of transcriptionally active, biologically relevant, HR-HPV in approximately one-third of MEC. Given that MEC1-MAML2 fusion transcripts are thought to be an early event, it is possible that HR-HPV oncoproteins promote MEC as a later event in multistep carcinogenesis. This could be through the additive impact of the HR-HPV E6 and E7 oncoproteins on overall loss of tumor suppression function. This study broadens the scope of associations between HR-HPV and head and neck neoplasia, and can serve as the rationale for future studies furthering our understanding of the etiology of salivary tumors.
